INTRODUCTION
PHENOTHIAZINE is the parent substance of the thiazine dyes, and has a chemical formula closely related to methylene blue. Oral administration results in the urinary excretion of phenothiazine and its two oxidation products, thionol and leucothionol, part of the leucothionol being in some loose chemical combination. Leucothionol is spontaneously oxidized to thionol, which imparts the characteristic red colour to the urine, and gives it its bactericidal properties. Thionol-leucothionol is a reversible oxidation-reduction system similar to methylene blue and its leuco base.
Thomas, DeEds and Eddy, of San Francisco, showed the bactericidal properties of urine containing thionol, and because of the low toxicity after oral administration of phenothiazine, as shown by growth curves and blood picture changes, DeEds, Stockton and Thomas (1939) considered it justifiable to undertake clinical trials with it. They carried out this trial on two groups of patients. The first group of 61 patients was given phenothiazine alone. The second group of 31 patients was given phenothiazine in combination with ammonium chloride. The acid reaction of the urine, especially in the pH range of 45-555, facilitated the liberation of the leucothionol held in combination, and this oxidized to thionol increased the active bactericidal properties of the urine. In the first group 33 had chronic urinary tract infection complicated by obstructive lesions. Many had previously received prolonged courses of treatment, both local and general.
Sixteen had acute urinary tract infection. The types of bacterial infections were varied, covering B. coli, streptococci and staphylococci and the typhoid dysentery group. This could be taken as a good test of the efficacy of phenothiazine as a urinary antiseptic. No patient was considered as cured who had not been observed for a minimum period of four weeks following the cessation of administration of the drug. Others with temporary freedom from symptoms, or apparently cuLred and observed for less than four weeks were classed as " improved 10 of the 16 acuLte infections were cured, 5 of the 35 chronic infections were cured and 20 more improved. Only eight of the 49 patients in this group using phenothiazine alone failed to secure relief from their symptoms. The average daily dose of phenothiazine was 1-33 g. during an average period of 7-4 days. The average total dose was 9-99 g.
In the second group of 31 patients, ammonium chloride was administered with the phenothiazine. A daily dose of 1 9 g. of ammonium chloride w*as found sufficient to maintain the optimum pH value of the urine, namely between 4 5 and 5 5. The increased thionol content was shown by the intensitv of the red colour. 20 of the patients had acute urinary tract infection, a higher percentage than that in the first group. The authors summarized their findings, stating that 25 out of the 31 were symptomatically cured in an average time of three days. The dose of phenothiazine was approximately one-half that used in the first group, who received phenothiazine without ammonium chloride.
During this investigation of 61 patients, no undesirable effects or complications arose which could be attributed to the drug. There were no signs of gastro-intestinal upset nor of renal irritation. The direct Van den Bergh reaction was never elevated, and any rise in the indirect Van den Bergh and icteric index could be attributed to the colour of the dye. Liver function tests showed no change. Blood-counts were done in 19 of the patients. Three patients developed a secondarv anemia after receiving an average total dose of 23-5 g. In one patient this anvemia was marked after nearing 19 9 g. The red APRIL-UROL. 1 cells had fallen from 4,410,000 to 1,510,000 and the hiemoglobin from 84% to 34% with a white cell increase from 11,250 to 21,650. The authors concluded that aniemia produced by phenothiazine is an exceptional and rare occurrence, but advised that the blood should be examined periodically and any evidence of aniemia should be the signal for stopping medication. After a maximum total dose of 15 g. a rest-period was advised. These findings led to the hope that an alternative to sulphonamide (with its subjective symptoms of nausea and depression) had been found to overcome those chronic infections resistant to the usual line of treatment consisting of increased fluid intake and change in the reaction of the urine, to which many cases of urinary tract infection respond. Accordingly it was decided to repeat this clinical trial with phenothiazine. With the support of the Research Committee of the London Countv Council, we had at our disposal a large number of suitable cases which could be kept under close observation.
Phenothiazine in tabs. 0 5 g. were given three to four times daily. The urine was maintained at a pH 4 5 to 5-5 by tab. ammonium chloride 0-5 g. q.i.d. before administration of the phenothiazine, and then on alternate days. Bacteriological examinations were made during the course of treatment. Blood-counts were done, and after six days of treatment were repeated unless symptoms indicated an earlier examination. Only 8 cases had been subjected to the trial treatment when the alarming blood pictures and the same small percentage of improved cases showed that continuation was unjustified, and the trial was abandoned. CASE I.-F. A., female, aged 20 years. Gave a history of dysuria and frequency at intervals for the previous twelve months. Bacteriological examination of the urine and culture showed numerous colonies of paracolon bacilli. Pyelography showed no abnormality. Cystoscopy revealed slight trigonitis. Guinea-pig inoculation for tubercle bDacilli was negative. A course of sulphapyridine gave no relief. Phenothiazine was given a trial', 4 tablets being administered daily with ammonium chloride. After seven days' treatment the appearance of the patient suggested an increasing anaemia. Blood examination showed that the red cells had fallen from 5,680,000 to 2,960,000 and the haemoglobin from 108% to 54%,. In all, 16 g. of phenothiazine had been given without improvement in symptoms or in the bacteriological content of the urine. The anaemia responded well to iron medication, the blood-count and haemoglobin percentage returned to normal within one month. This suggested that the anoemia was of a toxic nature and that the bone-marrow was unaffected. CASE II.-C. J., male, aged 67 years. Admitted suffering from acute retention of urine due to prostatic enlargement. Catheter drainage was instituted Per urethram. The urine was heavilv infected. Bacteriological examination showed a heavy growth of coliform organisms. Urethritis developed, and as the general condition of the patient necessitated it, suprapubic cystostomy was performed and the vasa deferentia divided.
The wound became infected and suppurating, and a profuse discharge came from the site of division of the vasa. The urethritis persisted. Phenothiazine 0 5 g. was given four times daily along with ammonium chloride. After seventy-two hours there was a definite improvement in the condition. The medication was continued for eighteen days, by which time the suppuration had ceased, the wounds had healed, and the urine was sterile. 36 g. of phenothiazine had been given. The patient looked anemic, and blood examination showed that the R.B.C. had fallen from 4,350,000 before treatment to 3,070,000, the haemoglobin from 68% to 54%. The phenothiazine was stopped and iron medication begun. The patient became more anaemic, as was shown by blood examination eight days later when the red cells had fallen to 2,880,000 and the hemoglobin to 42%. A blood transfusion was given, after which the patie'nt made a rapid recovery. The infection in this case apparently responded to the phenothiazine. CASE III.-W. 0. F., female, aged 23 years. This woman was symptomless, but had a heavy B. coli bacilluria persisting after an attack of pyelitis. Pyelography and cystoscopy revealed no abnormality in the urinary tract. A daily total dose of 2 g. of phenothiazine was given with ammonium chloride. Repeated bacteriological examinations showed no change in the growth of B. coli. Treatment was continued for thirteen days, 26 g. of phenothiazine having been given. Blood-count examination on the twelfth day of treatment showed a relative lymphocvtosis and W.B.C. of 5,600 with polymorphs. 290% and lymphocytes 61-50% . The treatment was discontinued. The B. coli infection had not responded to phenothiazine. CASE IV.-M. N., female, aged 51 years. Complaining of frequency and dysuria. Urine gave a heavy growth of B. coli. On cystoscopy there was well-marked trigonitis. Phenothiazine was given, 0 5 g. four times daily, along with ammonium chloride. After three days the symptoms definitely improved, but bacteriological examination showed no difference in the urinary infection.
In six days, owing to nausea, sweating and Section of Urology 433 depression, the drug was discontinued. There was still a heavy growth of B. coli in, the urine. There were no blood changes. A total of 12 g. of phenothiazine had been.
given.
CASE V.-R. G., male, aged 34 years. Admitted with B. coli bacilluria. Phenothiazine was given, 0-25 g. q.i.d. In three days the urine was sterile. Blood examination. the same day revealed a relative lymphocytosis. The white cell count was 8,600, of which 69-5% were lymphocytes, 28% being polymorphs. In view of this blood-count the drug was discontinued. The child, showed no toxic symptoms and was discharged from hospital. Twelve days later he was readmitted. There was an icteric tinge. of the conjunctiva and general wasting. The abdomen was distended and tympanitic and the liver was enlarged 1 in. below the subcostal margin. The blood examination was repeated, showing a white count of 5,900, 40% polymorphs. and 54-5% lymphocytes, the lymphocytosis being less marked. The red cells appeared to be unaffected. Glucose was administered, and in seventeen days the condition had completely cleared up, but the relative lymphocytosis remained unchanged. This was considered to be a toxic jaundice and was directly attributed to the phenothiazine medication.
CASE VI.-C. W., male, aged 59 years, suffering from infected bilateral hydronephrosis. Both kidneys were enlarged and tender. The urine was thick with pus and contained a heavy B. coli infection. The patient had a persistent hiccough and became very drowsy. Phenothiazine 0-5 g. q.i.d. was given. The blood urea was 201 mg. per 100 ml. Phenothiazine 0 5 g. q.i.d. was given. He showed a steady improvement, the blood urea falling day by day and the urinary infection decreasing. The phenothiazine was continued for seven days, a total dose of 14 g. having been given. Blood-counts showed a fall in red cells to 2,030,000 and a 400/% haemoglobin estimation. The drug was discontinued. Blood transfusion was given and with iron medication the blood picture returned to a satisfactory level. As far as one could judge, the urinary infectior. responded to phenothiazine, but a marked toxic anaemia followed. CASE VII.-E. H., female, aged 37 years. A B. coli bacilluria complicated thispatient's convalescence following subtotal hysterectomy and bilateral salpingo-oophorectomy for bilateral tubo-ovarian abscesses. The routine phenothiazine medication was. carried out over eight days. A total dose of 16 g. was given with no effect on the urinary infection, which still showed a heavy growth although the symptoms were alleviated There were no blood changes in this case. CASE VIII.-M. H., female, aged 38 years. Repeated attacks of left loin pain associated with frequency and dysurra had given this patient much distress over the past twelve months. Investigations revealed a double ureter and pelvis on the left side, complicated by -a B. coli infection. Phenothiazine and ammonium chloride were given for seven days without any effect on the urinary infection, as shown by repeated cultures. In all, 14 g. of phenothiazine were given. There were no blood changes of any note. CONCLUSION In-this small series of 8 cases, only 2 showed improvement in the urinary tract infection-6 cases sustained a severe degree of R.B.C. destruction. Two cases of relative lymphocytosis with a low polymorphonuclear cell-count suggested that the bone-marrow had not escaped damage. Toxic hepatitis followed in 1 of these 2 cases. The conclusion wasreached that phenothiazine has no place in the treatment of urinary tract infection.
[I should like to express my thanks to Messrs. Burroughs Wellcome, who supplied the drug, and to Dr. Prescott, of the Wellcome Research Laboratory, for his support ill initiating the trial. Exper. Therap., 65, 353. In the subsequent discussion it was agreed that many advertised urinary antiseptics were spurious. The only effect they had was to show some colour in the urine and as antiseptics they were useless.
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